Tian, Holm, & Zhang, 2017) , meats (Yi, Tang, Yi, Yang, & Zhang, 2017) , and fruits (Fang & Zhu, 2014 ) have a high heavy metal content. Heavy metal pollution also threatens TCMs and their products due to environmental contamination and various anthropogenic pollutants (Imtiaz et al., 2016) . The herb materials used in TCMs typically undergo a series of procedures (cleaning, slicing, drying, processing, etc.) prior to clinical use. Thus, TCM quality control should begin in the fields and continue throughout the production process (Guo et al., 2015) . In particular, measuring the level of metal elements during this process is very helpful in assessing the quality and safety of TCMs.
Some essential elements such as iron (Fe) and copper (Cu) are closely related to body growth within a certain concentration; iron supplements have been found to increase hemoglobin and ferritin and reduce the prevalence of anemia (Pasricha, Hayes, Kalumba, & Biggs, 2013) . However, the long-term consumption of heavy metals such as mercury (Hg) and lead (Pb) is hazardous to human health and life (Nordberg & Nordberg, 2016) . Some researchers suggest that metal ions bind directly to causative amyloidogenic proteins and modulate their aggregation into amyloids; metal ions are considered to be critical to the etiology of neurodegenerative diseases, such as Minamata disease (Charlet et al., 2012) . As the food chain is one of the most important human exposure pathways to heavy metals, it is therefore crucial to regulate TCMs (Hu et al., 2017; Jan et al., 2010) .
The health risk assessment for heavy metals is always evaluated using the total amount of heavy metals. Health authorities have also established some limit and risk assessment methods (WHO, 2007) . In addition, the Target Hazard Quotients have been the key in evaluating the exposure and toxicity according to TCM characteristics (ISO, 2015) . What is more, the metal transfer investigation method is a new direction in assessing the elements. As it is known, TCMs are generally decocted before being taken by patients. In other words, only the elements that are transferred to decoction liquids maybe absorbed. Several researchers have proven its validity and usefulness (Da, Hauser-Davis, Suzuki, & Vitória, 2017; Hu et al., 2017; Liao et al., 2014; Zhao, Wang, Zhao, & Xiang, 2016; Zhao, Wei, Shu, Kong, & Yang, 2016) , because of this, the metal transfer investigation method was applied in this study to evaluate the safety control of TCMs.
Several techniques are used for element analysis, including flame atomic absorption spectrometry (Rosa et al., 2015) , differential pulse anodic stripping voltammetric techniques (Alghamdi, 2010), stripping potentiometry (Clark, Kontoudakis, Barril, Schmidtke, & Scollary, 2016) , capillary zone electrophoresis (Suárez-Luque, Mato, Huidobro, & Simal-Lozano, 2006) , inductively coupled plasma emission spectroscopy (Chung, Kim, Lee, & Kim, 2015) , and microwave plasma atomic emission spectroscopy (Nelson et al., 2015) . In particular, the kinetic energy discrimination (KED) in collision/reaction cell ICP-MS is an effective technique to reduce polyatomic ion interferences (Yamada, 2015) ; this technique was widely used in this study to alleviate polyatomic interferences.
Bupleuri Radix is an important TCM distributed in the Gansu and Shanxi provinces of north China (Tan, Cai, Hu, & Ni, 2008) . Its root is commonly used in several countries including Japan, South Korea, and America. Bupleuri Radix, whether used alone or as a part of a combination of medicines (Chaihu-Shu-Gan-San, etc.), has several useful pharmacological effects. These include alleviating ailments such as influenza, dizziness, lung diseases, chronic gastritis, and cancer (ChP., 2015; Qin, Liu, & Yuan, 2013; Zhao, Wang, et al., 2016; Zhao, We, et al., 2016) . In addition, several phytochemical studies have shown that active compounds such as saikosaponin, glycosides, flavonoids, and volatile oil can be isolated from Bupleurum L. (Zhao, Li, Yue, Zhang, & Dou, 2012) . However, there are few reports concerning the influence of pretreating, processing, or administration on the metal elements levels in Bupleuri Radix, investigation into the transfer rule of elements during processing is especially lacking.
Thus, measuring the levels of metal elements is very valuable in controlling the safety of Bupleuri Radix.
In order to ensure the safety of TCMs, it is important to understand the accumulation status and transfer ratios of heavy metals in TCMs. The purpose of this study was to discuss the 12 elements in Bupleuri Radix (Aluminum (Al), Chromium (Cr), Manganese (Mn), Iron (Fe), Cobalt (Co), Nickel (Ni), Copper (Cu), Arsenic (As), Cadmium (Cd), Barium (Ba), Mercury (Hg), and Lead (Pb)), the levels of which vary depending on the habitat of the plant. We also discussed the difference in elements between the original medicines (OMs), decoction pieces (DPs), and vinegar-processed (VPs) samples of the Bupleuri Radix. Finally, the transfer rules were investigated from the TCMs to their decoctions. This research gave an assessment of herbal medicine quality in the processing industry chain.
| MATERIAL S AND ME THODS

| Materials
A total of 45 paired OMs, DPs, and VPs samples of Bupleuri Radix were collected from the Gansu (15) and Shanxi (30) The DPs and VPs of Bupleuri Radix were processed according to the Chinese Pharmacopoeia (ChP). Firstly, the excess impurities and residual stems in the original herbs were removed using ultrapure water. Following this, the OMs were soaked with ultrapure water for 6 hr until they completely absorbed the water; the samples were then cut into thick slices with a guillotine and dried at room temperature for the following tests. Both the VPs and DPs were subjected to traditional Chinese processing techniques (named PaoZhi in Chinese). The DPs were soaked with vinegar at a 1:5 ratio for 6 hr until the vinegar was completely absorbed. They were then baked in an electric oven at 100°C for 2.5 hr and stirred every 30 min. The VPs samples were cooled in room temperature until their next use.
| Reagents and apparatus
High-purity concentrated nitric acid (65% HNO 3 , Trace Metal ™ Grade) was purchased from Fisher Chemical. The ultrapure water (resistivity > 18.2 MΩ•cm) was prepared using the Milli-Q system (Millipore Corporation, Bedford, MA, USA 
| Sample preparation
Surface contaminants of the samples are first removed using ultrapure water. The dried samples can be powdered with a stainless steel blender; all of the powder must be able to pass through the No.
2 Pharmacopoeia sieve with a pore size of 850 μm. 
| Standard analysis
A mixed standard solution was formulated with 10% HNO 3 and stored at 4°C. The concentrations of the 12 elements were determined via (KED mode) ICP-MS method. The optimal operating conditions for ICP-MS analysis are provided in Table 1 . The "KED mode" was established as a simple and easy approach to operate the cell-based ICP-MS, using 100% He gas for interference reduction (Yamada, 2015) .
The operating ranges of the calibration curve of the elements were chosen according to the elemental abundance in the samples.
Additionally, the correlation coefficient of the linearity was represented by the r 2 values. The limit of detection (LOD) and limit of quantification (LOQ) were analyzed using a blank solvent (n = 20);
the LOD had an standard deviation (SD) of 3 and the LOQ had an SD of 10 (Filipiak-Szok, Kurzawa, & Szłyk, 2015) . All the test samples were analyzed in triplicate. In addition, a CRM Astragalus standard reference material (GBW 10028) was digested and tested using the same method.
| Statistical analysis
Normalized processing is a simplified way to evaluate the data.
Namely, the dimensioned expression transforms into a dimensionless expression as a scalar (Ibrahim & Darus, 2008) .
The data of the tested elements in Bupleuri Radix were presented as the mean (c) ± SD. The transfer ratios (TRs) of elements for different types of Bupleuri Radix were calculated by Equation (1) to identify the transfer characteristics of elements from TCMs to decoctions.
Where C d is the concentration of the elements in decoctions after drying, and C T is the concentration of the elements (on dry weight basis) in the TCMs (with or without processing).
| RE SULTS AND D ISCUSS I ON
| Method validation
An external standard was added in order to perform quantitative analysis. The quantitative determinations of the 12 tested elements and their decoctions were carried out by a calibration curve of multielements standard solutions in their optimal measurement concentration ranges.
The r 2 values shown in Table 2 were higher than 0.998, revealing a 
| Determination of the elements in real samples
| Concentrations of elements in original medicines
The results of the 12 elements in the OMs samples are represented as c ± SD and are listed in Table 3 . Three levels of element concen- Gansu were shown to be at higher levels than in the Shanxi provinces. For example, the mean content of Mn was calculated to be 107 mg/kg in Gansu, 83.7 mg/kg in Shanxi-1, and 89.0 mg/ kg in Shanxi-2. Compared to other areas, the OMs in Shanxi-1 had relatively low element levels aside from Cr (12.1 mg/kg).
What's more, we found that there was no significant difference between the Gansu and Shanxi-1 samples. When compared with element content in the Gansu region, the concentration of Cd in Shanxi-2 samples showed obviously higher levels (p < 0.05), with a mean content of 116 μg/kg in Gansu and 207 μg/kg in Shanxi-2. Aside from this, the Pb content in the samples of various Shanxi cities showed a clear regional difference (p < 0.05), 
TA B L E 2 Calibration curves, linear range, LOD and LOQ for 12 elements
| Determination of elements in processed Bupleuri Radix
For TCMs, processing is an essential step before clinical use. The purpose of processing is to remove impurities or change the efficacy; the metal element contents may change during the production process as well (Liao et al., 2014; Rasmussen et al., 2017) . According to the results for the DPs (Table 4) , almost all the levels of the elements were reduced after processing, especially for Al and Fe (reduced by 35.0%-40.0%, p < 0.05, p < 0.01). Furthermore, the Co and As in major samples were reduced in DPs (p < 0.05, p < 0.01). It was inferred that the washing process might remove some of the heavy metals attached to root surfaces. The mean concentrations of heavy metals in the analyzed VPs samples are shown in Table 4 ; different elements show different patterns of change. The vast majority of the element levels increased in VPs compared to DPs, especially for Hg.
The mean Hg content increased by about 31%, but did not exceed the prescribed limit. Taking into account the type of vinegar as well as the frying process, the growth rate for some elements between the DPs samples and VPs samples is acceptable (Drewnowska et al., 2017; Liao et al., 2014) . Further research is needed to explore the effects of the type and amount of vinegar on the metal element content.
| Regularity research for the elements
| Regularity of the element contents in Bupleuri Radix
In this section, the levels of metal elements in samples from different places of origin and under different processing methods are discussed. We measured the data by normalization; the relative content of elements in TCMs shown in Figure 1 . For the OMs samples (Figure 1a ), it was found that different elements had similar laws of variation in the Gansu and Shanxi-2 production processes and that Cr and Cd had relatively higher element levels in Shanxi-1. Additionally, the relative content of elements in DPs and VPs samples tended to be stable (Figure 1b,c) , especially for Co, Mn, Fe, Al, Hg, and Ba. The stability of their element contents suggests that these elements are less affected by geographical factors, while more sensitive elements (including Cr, Cd, and Pb) exhibit specific regional differences and greater toxicological activity.
Our studies have also indicated that the change in elements is sensitive within OMs, DPs, and VPs. The relative element levels showed that processing could reduce the contents of metals, especially in decoction pieces. According to the results shown in Figure 1d -f, processing led to a decrease in some elements, particularly exogenous elements such as heavy metals.
Furthermore, the contents of certain elements increased (e.g., Cd) after the PaoZhi process, but others decreased (e.g., Cr and Cu). This may have been related to the solvent and processing mechanism; however, the main factor behind this phenomenon should be studied in future investigations. Simple processing, such as cleaning, can significantly reduce the contents of heavy metals; meanwhile, complex processing (e.g., PaoZhi) may increase the levels of some elements because of the solvent and processing equipment.
TA B L E 3 Contents of the target elements of OMs in different producing places
| Regularity of the transfer ratios
There is a significant amount of research concerning the transfer of TCMs into decoctions, such as A. oxyphylla and M. officinalis. Zhao, Wang, et al. (2016) ; Zhao, We, et al. (2016) demonstrated that the transfer ratios (TRs) of the investigated elements were different and that it might depend on the types of elements, the plant species, and the extraction methods. In order to ensure safe levels of heavy metals in Bupleuri Radix decoctions, we calculated the transfer ratios of the elements from raw TCMs into the decoctions.
TA B L E 4 Contents of the target elements of DPs and VPs in different producing places
The test results are shown in Table 5 . The mean yields of the WOMs, W-DPs, and W-VPs samples were 14.2%, 15.5%, and 21.8%, respectively. In addition, the range of the TRs was from 5.29% (Cr) to 27.2% (Co) in the OMs samples, 6.59% (Fe) to 39.2% (Co) in the DPs samples, and 8.23% (Fe) to 34.2% (As) in the VPs samples. For the elements in the three types of Bupleuri Radix, the TRs were low and the contents of heavy metals in the decoctions did not exceed the set limits. The TRs varied significantly, depending on the different elements and processing types (Figure 2 ). In Figure 2a -c, it was found that the TRs of Mn, Co and As were higher than those of other metals. The TRs of heavy metals for a different method of processing also varied significantly; the VPs samples showed a relatively high transfer rate, except for that of Co and Hg. Decoction is the main medication of TCMs, so we must take precautions as high TRs of heavy metals would be harmful to our health (Cinnirella, Hedgecock & Sprovieri, 2014) .
According to the results in Figure 3 , the DPs and VPs samples had relatively higher TRs of heavy metals, aside from Hg. Additionally, the mean TRs of different heavy metals decreased in the order of Co > As > Mn > Hg > other metals. The results also showed that the TRs of all the elements were below 50%, within which 10% of the elements had TRs at <10%. Furthermore, we found that the processing can increase the leaching rate of most elements (p < 0.05, p < 0.01) and can make it easier for the element to transfer into the water solution (Rasmussen et al., 2017) . Previous studies have indicated that Co and As could be easily mobilized from the herbs to the decoctions (Fattahi, Rashchi & Abkhoshk, 2016; Obeidy et al., 2016) . In this study, we found that Co and As had the highest TRs values, thus the two elements should be closely monitored to prevent further transferring from herbal medicines to decoctions. In terms of the TRs research on heavy metals, water extraction can significantly reduce the contents (Zhao, Wang, et al., 2016; Zhao, We, et al., 2016) .
The result also points out that the PaoZhi method may help heavy metals in the herb dissolve more easily into its decoction.
| CON CLUS ION
In this study, an exclusive, rapid, stable, and sensitive method based on (KED mode) ICP-MS was applied for the analysis of trace elements, with satisfactory results. A total of 12 elements were determined in 45 paired Bupleuri Radix samples after microwave digestion. On one hand, nearly all the contents of elements decreased after processing.
On the other hand, the growth rate of some metals such as Al and Fe in VPs is likely to increase due to material processing. 
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